analysis showed those with SCC to have a favorable prognosis compared to adenocarcinoma of the rectum. 6 While small, noninvasive tumors within the rectum can be managed with conservative measures such as surgery alone, more advanced rectal tumors often benefit from further intervention, including chemotherapy and/or radiation. 7 Currently, no consensus guidelines exist for the treatment of nonmetastatic rectal cancer with SCC histology, which may be misguided considering its optimal treatment may differ from adenocarcinoma of the rectum. For example, the National Comprehensive Cancer Network recognizes mucosal melanoma of the GI tract as a separate entity entirely. 8 Additionally, treatment of SCC of the anal canal has been shown to be managed markedly differently from rectal adenocarcinoma, with combined intensive chemotherapy and radiation without planned surgery being standard of care for locoregional anal SCC tumors, as reported by Nigro et al. 9 The purpose of this study was to leverage the National Cancer Database (NCDB) to evaluate current trends in management and their effect on survival for this uncommon tumor. While the NCDB lacks local recurrence rates, unsalvageable recurrences result in reduced survival. The large patient numbers available with NCDB analysis should allow us to determine whether any survival detriment based on treatment allocation exists. 10 
| METHODS AND MATERIALS

| Data source
The NCBD, established in 1989, is a nationally recognized clinical oncology database sponsored by the American College of Surgeons and the American Cancer Society. The NCDB collects data from more than 1500 facilities accredited by the Commission on Cancer and contains information on treatments and outcomes for patients with malignant disease. The current database gathers more than 70% of new cancer diagnoses in the United States and contains more than 34 million historical records. 11 Data were obtained from the NCDB for patients diagnosed with rectal cancer between 2004 and 2014 (264, 184 patients). We limited patients to squamous cell histology (histology codes 8070-8083, 258 636 patients excluded). Patients with incomplete staging information or metastatic disease were excluded (2664 excluded). We excluded patients who died within 3 months of diagnosis due to competing risks of noncancer-related deaths (eg myocardial infarction; 429 excluded). Patient with unknown receipt of chemotherapy, radiation, or surgery were also excluded (215 excluded). While specific surgical technique is unavailable, surgery, if performed, was defined by the NCDB as definitive. Figure 1 shows the complete selection diagram with 261 888 total patients excluded. The remaining 2296 patients, defined as cohort A, included cT1-4, cN0-2, cM0 SCC rectal tumors, according to American Joint Committee on Cancer (AJCC); these patients were then analyzed based on available database information. 12 An additional subgroup, called subcohort B, was further filtered to only include cT1-T3, cN+ or cT3, cN any SCC rectal tumors, which represent locally advanced tumors that, under current rectal cancer guidelines, include trimodality therapy as standard of care (chemotherapy, radiation, and surgery). 8 To compare modalities, the two most common treatment approaches were included in the final analysis of subcohort B: chemotherapy and radiation or trimodality (chemotherapy, radiation therapy, and surgical resection). Patients with clinical T4 tumors were excluded from cohort B as those rectal tumors are less amenable to resection and can vary in their treatment sequence (eg neoadjuvant chemotherapy followed by restaging, then definitive local therapy). 
F I G U R E 1
| Statistical analyses
The primary outcome measure of this study for each cohort was the overall survival of patients with nonmetastatic squamous cell carcinoma of the rectum. Important prognostic factors that may influence treatment or outcome, including gender, age, race, median income of zip code, distance to hospital, facility type, Charlson/Deyo score, tumor category, nodal category, receipt of chemotherapy, receipt of radiation, and receipt of surgery, were evaluated. A secondary outcome measure was pathological complete response rate among patients in each cohort.
Univariate and multivariate analyses (log rank, Cox regression, and binary logistic models) were performed to generate hazard ratios (HR) to investigate factors associated with overall survival. Potential prognostic variables in the multivariate models were chosen through purposeful selection and univariate analyses to investigate significance. Factors associated with a P < 0.10 on univariate analysis were included in the multivariate models. Kaplan-Meier was used to estimate survival at 5 and 10 years. All statistical analyses were performed using the SPSS program (SPSS, version 24.0; SPSS Inc, Chicago, IL), and P < 0.05 on multivariate analysis was considered statistically significant. 
| Overall survival analysis of cohort A (cT1-T4, cN0-N2, cM0 SCC of the rectum)
Univariate and multivariate analyses were performed to investigate factors associated with overall survival, for which the complete results are shown in Table 2 . On univariate analysis of patient characteristics, patients with increasing age, male gender, African American race, higher Charlson/ Deyo score, and lower median income of zip code were all associated with worse overall survival (P < 0.05). On multivariate analysis of patient characteristics, increasing age (P < 0.001), male gender (HR = 0.639 for females, compared to male, P < 0.001), and higher Charlson/Score (P < 0.05) remained significant.
Regarding disease characteristics, higher cT category (P < 0.001) and cN category (P = 0.049) were associated with worse survival on univariate analysis. Notably, tumor grade did not influence survival. On multivariate analysis, only higher cT category remained significant (HR = 1.551 and 2.561 for cT3 and cT4 tumors compared to cT1, respectively, P < 0.001 for each). Figure 2 shows the unadjusted Kaplan-Meier curve for each stage of disease, per AJCC 7th edition staging criteria. The Kaplan-Meier estimated 5-and 10-year survival for stage I disease was 71.3% and 57.8%. The Kaplan-Meier estimated 5-and 10-year survival for stage II disease was 57.0% and 38.9%. The Kaplan-Meier estimated 5-and 10-year survival for stage III disease was 57.8% and 41.5%, respectively. Notably, while there was a difference in survival from stage I to stage II/III disease (log rank P < 0.001 for each), no survival difference was seen between stage II and stage III disease (log rank P = 0.119), likely due to no difference in survival among nodal category with SCC histology.
Regarding treatment characteristics, all treatment modalities (chemotherapy, radiotherapy, and surgery) were associated with improved survival on univariate analysis. On
multivariate, only receipt of chemotherapy (HR = 0.531, P < 0.001) and surgery (HR = 0.758, P = 0.002) were associated with improved overall survival for cohort A.
| Overall survival analysis of subcohort B (cT1-T2, cN+, cM0 or cT3, cN any, cM0 SCC of the rectum)
To better clarify the optimal management of locally advanced tumors where the current standard of care for rectal cancer includes trimodality therapy, patients were filtered to only include clinical stage II and III disease (excluding cT4) which resulted in 1053 patients. Among these patients, the majority either received chemotherapy and radiation (n = 706, 67%) or chemotherapy, radiation, and surgery (n = 177, 16.8%). Less common combined modalities utilized were chemotherapy and surgery (n = 13, 1.2%) and radiation and surgery (n = 10, 0.9%). To compare the two most common modalities, other regimens were excluded from the final subcohort B survival analysis (Figure 1) , resulting in 883 patients with complete evaluable treatment information (Table 3) . On univariate analysis of subcohort B, younger age, female gender, lower Charlson-Deyo score, lower cT category, and trimodality therapy (versus chemotherapy and radiation) were associated with improved overall survival (P < 0.05 for each). On multivariate analysis, older age (HR = 1.019 per year, P = 0.001), higher Charlson/Deyo scores (P < 0.05), and lower median income of zip (P = 0.001) were associated with worse survival. Of note, therapy type, comparing chemotherapy, and radiation to trimodality therapy (chemotherapy, radiation, and surgery) showed no significant difference in survival (P = 0.909 on multivariate analysis). Figure 3 shows the unadjusted Kaplan-Meier curve for subcohort B, separated by therapy type. The Kaplan-Meier estimated 5-and 10-year survival for entire cohort B is 63.8% and 50.3% (log rank P = 0.936 between receipt of chemotherapy and radiation ± surgery).
T A B L E 1 (Continued)
T A B L E 2 Analysis of factors associated with overall survival following diagnosis for 2296 patients (cohort A) with nonmetastatic squamous cell cancer of the rectum in the National Cancer Database (2004-2014
| Pathological response to therapy
Among cohort A, who underwent radiation therapy prior to surgery and have available pathology information, 36.0% (41/114 patients) experienced a complete pathological response. 39/41 (95.1%) of those patients with a complete pathological response also received neoadjuvant chemotherapy prior to surgery, in addition to radiation. The median number of days from end of radiation to definitive surgery for those with a complete pathological response (p0) was 67 days (n = 38, range 9-237 days) versus 73 days (n = 70, range 6-320 days) for those without a complete response (p1-4 disease) on surgical pathology (P = 0.29). The median regional radiation dose was 45 Gy with a boost administered to 46.3% of patients (median 5.4 Gy). While univariate analysis demonstrated a trend toward a survival advantage with complete pathological responders (P = 0.085), it was not significant on multivariate analysis (P = 0.110).
Among patients in subcohort B who underwent radiation therapy prior to surgery and have available pathology information, 41.1% (30/73 patients) experienced a complete pathological response on surgical pathology. No survival advantage was observed comparing pathologic complete versus noncomplete responders in subcohort B (P = 0.129 on univariate analysis). 
| DISCUSSION
This database analysis reveals notable differences between SCC and adenocarcinoma of the rectum. Patients with rectal SCC present more often as slightly younger, female patients, who may benefit from the avoidance of surgery to reduce additional long term treatment related morbidity. 14 For example, patients with clinical stage II or III disease (excluding cT4) experienced no difference in survival between chemoradiation and trimodality therapy (chemotherapy, radiation, and surgery). Additionally, for those treated with neoadjuvant therapy, the pathological complete response was 36%-41%. The timing of the operations indicates that these are planned surgeries, but hints at potential treatment response to chemoradiation. Due to the rarity of this tumor, prospective trials to compare these modalities are unlikely to occur, and, therefore, this database analysis sheds light on the unique outcome of SCC of the rectum. The SEER study performed by Chiu et al 6 helped establish epidemiology and outcomes of rectal SCC, including a female predominance and a more favorable prognosis compared to rectal adenocarcinoma. Similar to our study, authors showed that receipt of surgery did not impact overall survival. Their study is limited in that they were unable to address chemotherapy utilization and pathological response rates. Furthermore, while they grouped patients into risk groups, specific TNM information was not available or reported, limiting its application to managing certain stages of disease. It should be noted that, unlike rectal adenocarcinoma, nodal category has less impact on survival compared to tumor category, consistent with a prior review. 15 Reasons we hypothesize for this finding include difficulty in accurately assessing nodal status clinically, unique history of SCC of the rectum nodal metastases, or treatment strategies currently in use are effective in controlling nodal disease with SCC histology. We specifically created subcohort B that, under rectal cancer guidelines, may be managed with trimodality therapy, which is the current standard of care. However, our study supports the effectiveness of chemoradiation, without surgery. The NCDB (and SEER analyses) are unable to detect rates of local recurrence and salvage surgery for those who do not receive surgery as part of their initial treatment course. Regardless, even if a substantial portion of patients ultimately require salvage surgery, our data do not show a survival benefit to adding surgery during the initial course. This is consistent with a prior report by Kulaylat et al who grouped stage I-III patients and found that those with SCC of the anus requiring salvage surgery (ie ≥12 weeks after chemoradiation) had worse survival, compared to no survival difference for those with SCC of the rectum receiving salvage surgery. Taken in conjunction with the present study, planned or late surgery for SCC of the rectum results in no survival benefit after chemoradiation. 16 While the NCDB does not provide specific chemotherapy agents, there is a growing body of literature from individual institutions showing good outcomes with agents used for the treatment of anal SCC. 17 Clark et al reported seven cases treated using the Anal Cancer Trial II (ACT II) protocol, which included 5.5 weeks of radiation with concurrent T A B L E 3 Analysis of factors associated with overall survival following diagnosis for 883 patients (subcohort B) with locally advanced (cT1-T2, cN+, cM0 or cT3, cN any, cM0) squamous cell cancer of the rectum in the National 5-flurouracil and mitomycin C or cisplatin. 18, 19 At a median follow-up of 18 months, no recurrences were noted, with only one patient undergoing surgery, which showed no viable tumor on surgical pathology. Sturgeon et al 20 reported
outcomes for 14 patients with SCC of the rectum who underwent similar definitive chemoradiation using an anal cancer regimen. With a median follow-up of 4.5 years, only 3/14 patients recurred, and two were successfully managed with salvage surgery. Musio et al 21 reported outcomes for eight patients treated with definitive management similar to anal cancer; their study reported a negative biopsy in 75% of patients 6 months after chemoradiation, and only one patient required a salvage surgery at the end of treatment. For those that received surgery, our study reports a short interval between radiation and surgery (median 69 days for cohort A), indicating that the surgery was planned and not performed as salvage. Additional time from completion of radiation may have resulted in higher pathological complete response rates, with data from the ACT II trial suggesting that 182 days is the optimal time to assess response in anal SCC. 22 Unfortunately, surveillance for rectal SCC would involve endoscopy to evaluate tumor response, whereas anal cancer can be more easily examined with inspection or digital rectal exam. Also, proximal versus distal tumor location is not provided by the NCDB, limiting further analysis. However, it should be noted that the normal tissue (ie skin) around the anus is more sensitive to radiation, and it may be possible to treat less distal tumors with higher doses of radiation to gross disease, further improving the tumor response rate. 23 Most patients in our series received a moderate dose of 45-50.4 Gy. In summary, existing literature shows that chemotherapy regimens utilized for anal cancer (eg 5-flurouracil and mitomycin C) given concurrently with radiation provides a durable response and that patients do well with salvage surgery, if needed. This is exemplified with our data, showing similar survival for patients with stage II-III (excluding T4) cancer managed with chemoradiation. While our NCDB analysis does not provide chemotherapy agents used, the current literature supports regimens used in anal cancer. 24 One hypothesis for the lower pathological complete response rate in our study compared to institutional reports is that more effective, albeit more toxic, regimens used in anal cancer (eg mitomycin C) given concurrently with radiation may have been substituted with a more tolerable concurrent chemotherapy agent (eg capecitabine), with the expectation that the patient will undergo definitive resection. Limitations to our study should be noted. As discussed, the NCDB is limited by nonrandom allocation to treatment modality and the lack of detailed information regarding medical comorbidities, both of which may obscure comparisons of treatment methods through the introduction of confounding. We performed multivariate analysis to adjust for measured potential confounders, but significant potential biases remain. Furthermore, chemotherapy agents and extent (ie number of cycles) is not known. However, we excluded patients with incomplete staging and unknown treatment information, therefore strengthening the reliability of the outcome for each treatment group. Lastly, disease-specific outcomes including local recurrence and salvage surgery rate is unknown.
| CONCLUSION
This database analysis shows that most providers are managing locally advanced rectal SCC similar to anal cancer, which results in equivalent overall survival and spares patients from the additional morbidity associated with surgical resection. While most surgeries were presumably planned, a pathological complete response rate up to 41% suggests radiation and chemotherapy has an effective response.
